Abstract. Hydroxyapatite (HAP) is an important biomedical material that is used for grafting osseous defects. It has an excellent bioactivity and biocompatibility properties. To isolate hydroxyapatite, pieces of cleaned cattle's bone were heated at different temperature range from 400°C up to 1,200°C. A reasonable yield of 60.32% w/w HAP was obtained at temperature range from 1,000°C to 1,200°C. Fourier transform infrared spectra and the thermogravimetric measurement showed a clear removal of organic at 600°C as well as an excellent isolation of HAP from the bones which was achieved at 1,000-1,200°C. This was also confirmed from X-ray diffraction of bone sample heated at 1,200°C. The concentration ions were found to be sodium, potassium, lithium, zinc, copper, iron, calcium, magnesium, and phosphate present in bones within the acceptable limits for its role in the bioactivity property of HAP. Glucose powder was used as a porosifier. Glucose was novel and excellent as porogen where it was completely removed by heating, giving an efficient porosity in the used scaffolds. The results exhibited that the ceftriaxone drug release was increased with increasing the porosity. It was found that a faster, higher, and more regular drug release was obtained from the scaffold with a porosity of 10%.
INTRODUCTION
Hydroxyapatite (HAP) belongs to the group of calcium phosphates, under which ceramic materials with different amounts of calcium and phosphorus were classified. The name apatite was described by the general chemical formula M 10 (XO 4 ; and Z could be Cl − , F − , or OH − (1). The term "apatite" was derived from the Greek word "apatao" which means "to deceive." Probably, the structural similarity of different possible mineral compositions was deceiving or misleading to ancient Greek researches. HAP [Ca 10 (PO 4 ) 6 (OH) 2 ] was the inorganic component of the natural bone and teeth, but it could be chemically synthesized (2, 3) . It is an important material in biology and chemistry. HAP was normally used medically, where HAP and HAPcontaining polymer ceramics were important components of the current and the future biomedical materials; also, it has nonmedical applications (4) .
Although HAP manufacture is a standard practice in the USA, Europe, and Japan, the cost of this material to non-HAP-manufacturing country or countries with developing economies remains very high, therefore, requiring a cheaper local HAP source (5) . Given that bone accounts for about 16-20% of the carcass weight and the current worldwide drive to be more economically efficient in the processing of raw products, achieving added value other than meat uses, such as bone use, is an important priority (6) . Considerable efforts were invested to study the effect of the heat treatment on the bone since the calcined bone can be used as osteoreproductive biomaterial for filling osteal defects (7) .
Today, HAP biomaterial is clinically widely used in the form of powders, granules, dense and porous blocks, and with various composites (8) . This could be attributed to the great biocompatibility and bioactivity properties of HAP, which is probably due to its close chemical similarity with the inorganic components of bone and teeth (9) . The delivery of antibiotics using HAP as a drug carrier was studied in the treatment of osteomyelitis (10) . Osteomyelitis is a bone infection often caused by bacteria called Staphylococcus aureus. Escherichia coli, Enterobacteriaceae species, anaerobes, and others were also reported. This infection mostly resulted in progressive inflammatory destruction of bone tissue, thereby inhibiting bone regeneration (11) . It is clear from literature survey that HAP is a material with admirable characteristics like the biocompatibility and bioactivity. It is available and is a low-cost raw-material-derived substance with multiple applications, mostly medical. In this study, HAP was isolated from cattle bones and supported the ceftriaxone antibiotic on it, evaluating the release characteristics in vitro. The effect of the porosity factor on the release efficiency was also studied.
MATERIALS
Acetone, diethyl ether, nitric acid, sodium chloride, potassium chloride, lithium chloride, zinc nitrate hexa hydrates, copper nitrate, ammonium ferrous sulfate, calcium nitrate, magnesium nitrate, potassium dihydrogen orthophosphate, sulfuric acid, ammonium molybdate, stannous chloride, glucose powder, and dibasic sodium phosphate were supplied by B.D.H., H&W Fluka Co., while ceftriaxone was supplied by Ranbaxy Co., India.
METHODS

Bone Sample Preparation
Cattle shoulder bones were collected from local commercial butcheries in Basrah city. The bone samples were thoroughly washed with distilled water to remove the macroscopic adherent impurities, and then cut into small pieces, and treated as described in literature (5 Table I , at a heating rate of 10°C/min for 6 h (12).
Porous HAP Scaffolds Preparation
A glucose powder, as porogen, was homogenously mixed with the powdered form of the bone sample heated at 1,200°C to produce glucose-HAP powder mixtures of 2%, 4%, 6%, 8%, and 10% w/w, each of which contains 1 g of HAP powder. By using a tabulating machine, the powder mixtures were pressed into scaffolds and the average scaffold weight for each percentage was recorded. The composition data for the HAP scaffolds are presented in Table II . The scaffolds were heated in the muffle furnace at 550-600°C for 2 h to get rid of glucose; then, the porous HAP scaffolds were heated at 1,000°C for 6 h to increase the solidification of the scaffolds. After cooling, the average scaffold weight for each percentage was gained and the scaffolds were photographed and then kept in desiccators.
Preparation of Phosphate Buffer Solution
A phosphate buffer of pH 7.4 was prepared by mixing of 0.2 M monobasic sodium phosphate with 405 ml of 0.2 M dibasic sodium phosphate, diluted to a total of 1,000 ml (12) .
Ceftriaxone Drug Buffer Solutions
Five identical solutions were prepared by mixing 90 ml of the phosphate buffer solution with 10 ml of the 10% w/v ceftriaxone solution. The pH of the final solutions was 7.4.
Ceftriaxone Loading on the HAP Different Porosity Scaffolds
The five HAP different porosity scaffolds were immersed in the five ceftriaxone buffered solutions. The containers of the solutions were tightly closed and left for 24 h. After that, the absorbance of ceftriaxone in the five solutions was measured at 240 nm using UV-visible spectrophotometer (13) .
Changing the Immersing Solutions
The five different HAP porosity scaffolds were transferred into five 100-ml solutions of a freshly prepared phosphate buffer with pH 7.4.
Follow-up of the Ceftriaxone Release
The magnetic stirrer assembly with an attached hot plate was adopted for the study. The dissolution medium consisted of 100 ml of phosphate buffer (pH 7.4) maintained at 37±1°C by means of a thermoregulated hot plate. The magnetic stirrer was set at a speed of 100 rpm. One-milliliter samples were withdrawn at predetermined time intervals for all the batches. For each sample withdrawn, an equivalent volume of phosphate buffer was added to the dissolution medium to ensure sink condition was maintained throughout. The release profiles of the ceftriaxone drug from the five different HAP porosity scaffolds was followed for 8 h at a time interval of 15 min in the first 3 h, 30 min in the next 5 h, using UV-visible spectrophotometer. The amount of the ceftriaxone drug released, in milligram, was obtained from the ceftriaxone calibration curve. The drug release was evaluated using the following definition (14):
RESULTS AND DISCUSSIONS
The organic components of bones are about 30-35% w/ w and the remaining is inorganic and it is important to remove the unwanted organic components for use as bone repair and regenerative materials. In this study, all the organic impurities were eliminated by heat treatment method in order to get antigenic-free inorganic bone minerals (15) . The raw bone pieces subjected to heat treatment at temperature range of 400-1,200°C and the obtained data are shown in Table I . There are two resultant parameters in the heat treatment, the yield and the color of the product. It is obvious that the yield percentage of the heating product is decreased with increasing temperature up to 1,000°C. This could be due to the fact that increasing the temperature could further remove substances that would not be removed at lower temperatures. In addition, it is clear that the yield percentage of the heating products is nearly constant at 1,000°C and above, which leads to the conclusion that most materials other than HAP have been removed.
The nearly constant yield of HAP at the temperature range of 1,000-1,200°C which has a mean value of 60.32% was considered as satisfactory one for the production of this material. Also, the colors of the heating products range from pale orange to slightly gray and finally to white color (12) . The pale orange color was characteristic of the 400°C heating product. This color gives an indication that residues of the organic materials were still found with the product. At 500°C, the color was changed into slightly gray, which might be due to the organic impurities that was much reduced at this temperature. This color is replaced by the white color at 600°C and over which gives the indication for removal of all organic components.
Thermogravimetric Analysis
The TG analysis of raw bone was carried out and the thermogram is shown in Fig. 1 . There are three ranges of weight loss that can be assigned to the thermogravimetric analysis of the raw bone (16) . The thermogram shows an initial weight loss (about 7.1%) up to 200°C which is attributed to water loss. The weight loss between 200°C Fig. 1 . Thermogram of raw bone Fig. 2 . The FTIR spectra of bone sample (violet at room temperature, black at 400°C, green at 500°C, blue at 600°C, red at 700°C) and 300°C (about 3%) might be due to mixed water and organics loss. A continuous weight loss (about 22.9%) was observed from 300°C to 600°C due to the decomposition of organic debris (like collagen, fat tissues, and proteins) associated with the bone. At about 600°C, only the mineral phase (calcium phosphate) was left. There was no significant weight loss occurring between 600°C and 800°C, which may suggest that the collagen, fat tissues, and proteins associated with the organic contents of the raw bone were removed at 600°C and above. The small weight loss (about 3.59%) above 600°C is attributed to the decomposition of carbonate present in bone in the form of carbonated apatite (all biological apatites are carbonated). The dissociation of carbonate is reported to occur at temperatures between 600°C and 890°C (12).
Identification of HAP by IR Spectroscopy
The Fourier transform infrared (FTIR) spectra of the raw bone and the heat-treated bones are shown in Figs. 2 and 3 . It was found that the IR spectrum of most of the samples shows a major peak at 3,450 cm −1 which is due to the -OH group stretching. For the raw bone, the C-H stretching band appears around 2,900 cm −1 as an asymmetrical vibration while the symmetrical stretching vibration is shown at about 2,850 cm . These two peaks are attributed to macromolecules of proteins associated with heat-untreated bone. They are weakened when the bone material was thermally treated at 400°C and disappeared for the bone heated at 600°C and above. The FTIR spectrum of bone heated at 500-1,200°C exhibited the characteristic absorption peaks of HAP (17) . The spectra indicate the presence of PO 4
−3
and OH ions in all of these samples. The bands at 1,035-1,045 and 970-960 cm −1 were assigned to the stretching vibration of P=O, while 605 cm −1 and 568 cm −1 were assigned to its deformation mode (18) . Bands at 3,570 cm −1 and 634 cm −1 were assigned to the vibration motion of the OH ions (19) . The OH intensity at 3,450-3,570 cm −1 is decreased with increasing the temperature. The decreased intensity up to 600°C is due to loss of water and organics. The decreased intensity above 600°C is due to the breakage of the hydrogen bonding. The OH stretching is not clear at 1,200°C, but the X-ray diffraction of the sample heated at 1,200°C confirms the presence of OH group when compared with the data witnessed a small decrease for the bone heated at 500°C as compared to raw bone as shown in Table III , which may be attributed to the existence of organic impurities associated with the bone. The bone samples heated at 600-1,200°C showed a much decreased CO 3 −2 content because of the hightemperature exposure, which was consistent with our expectation. The intensity of the CO 3 −2 asymmetrical band at 871 cm −1 disappeared at 600°C due to its decreased energy.
IDENTIFICATION OF HAP BY X-RAY DIFFRACTION
The X-ray diffraction was considered as a fingerprint for the compound. The most important parameter in the confirmation of the structure of a compound is the d value, which represents the distance between atomic planes in a crystal. The d values must be consistent for any diffractogram of the same compound. The allowed difference in the 2θ values among the diffractograms of the same compound is 0.3 (24) . The X-ray diffraction pattern of the powdered form of the bone sample heated at 1,200°C is shown in Fig. 4 . The observed positions of the diffraction lines (2θ and corresponding d 2θ ) and their relative intensities (I rel ) are listed in Table IV . The d 2θ values were calculated according to an equation derivate from Bragg law (25) . This is stated below:
Where θ represents the angle between the incident X-ray beam and crystal surface layers planes. The relative intensities of the diffraction lines were determined as diffraction line heights relative to the most intense line normalized to the intensity of 100. The d 2θ and I rel values obtained for the bone ions associated with the bovine bone.
Quantitative Analysis of Bone Elements
The major constituent elements of the solid skeleton are calcium and phosphate (27) . These two elements represent the fundamental elements of the bioapatite. The calcium to phosphorous (Ca/P) ratio is very important for the bioactivity of HAP (6) . In addition to the calcium and phosphate, the solid skeleton contains variety of other elements like sodium, potassium, iron, magnesium, copper, and others (28) . These elements present in lower quantities than the calcium and phosphate, though they have a vital biofunctionality in the solid skeleton of vertebrates. Flame photometry and phosphomolybdenum blue method were used for the determination of elements in the heat-treated bone sample. Table V shows the concentrations of some major elements found in bone.
Preparation of Porous HAP Scaffolds
Porous HAP scaffolds were made by mixing measurable amounts of glucose powder with 1 g of HAP powder for each intended percent of porosity as given in Table II , pressing the mixture into scaffolds. The glucose was used due to its compressibility, availability, ease of removing, cost, and availability. After heating the scaffolds in the muffle furnace at 550-600°C, it was found that the weight of each porosity percent scaffold was 1 g. This gives an impression that complete removal of glucose was achieved at this temperature. Experimentally, the glucose alone was heated at 550-600°C, where nearly complete removal was achieved in 1 h. The use of glucose as a porogen to induce the required porosity in the HAP scaffolds was novel and very successful, as compared with porogens used by other investigators (29) , where the results confirmed that the glucose was good porogen that produced the intended porosity in the HAP scaffolds with the ease of the subsequent complete removal by heating. Figure 5 represents a photograph of the porous HAP scaffolds obtained in our study.
Drug Loading and Release
The drug loading and release profiles were examined under in vitro physiological conditions. The HAP scaffolds were loaded with a model drug (i.e., ceftriaxone) which is used in treatment of patients with infectious diseases like osteomyelitis. To define the drug release condition, the effect of scaffold porosity was investigated. The expected mechanism for the drug release from the scaffolds is by diffusion. The structure of ceftriaxone antibiotic is shown in Fig. 6 . The amount of drug loaded for each scaffold was determined via the ceftriaxone calibration curve, recording the concentration difference of the release medium before and after loading. 
